IMPORTANCE Previous works have shown that women hospitalized with ST-segment elevation myocardial infarction (STEMI) have higher short-term mortality rates than men. However, it is unclear if these differences persist among patients undergoing contemporary primary percutaneous coronary intervention (PCI).
P revious studies have demonstrated a significant relationship between sex and age after acute myocardial infarction. 1, 2 Younger women were found to have a higher mortality rate than younger men, but among the older population, the mortality rate for women and men was similar. However, most of these studies that risk stratified on age included patients with and without ST-segment elevation myocardial infarction (STEMI), representing a rather heterogenous population of patients with acute coronary syndrome. [3] [4] [5] Less is known about sex differences in mortality in patients with STEMI. Few studies have addressed this topic. [6] [7] [8] [9] None of these studies have adjusted outcomes for treatment. Medications and primary percutaneous coronary interventions (PCI) may produce substantial variability in risk estimates. Further, treatment selection and referral to catheterization are often influenced by delays to hospital presentation, which contribute to variations in clinical decision making, [10] [11] [12] and women often experience longer delays than their male counterparts. As such, it remains unclear whether sex differences in mortality persist in STEMI and which factors may contribute to this gap in mortality, if any.
The main purpose of this study was to investigate whether the risk of 30-day mortality after STEMI is higher in women than men and, if so, to assess the role of age, medications, and primary PCI in this excess of risk.
Methods

Setting and Design
The International Survey of Acute Coronary Syndromes in Transitional Countries (ISACS-TC; NCT01218776) is a large observational and multinational registry.
12-17 Data were collected from 41 centers in 12 countries: Bosnia and Herzegovina, Croatia, Italy, Kosovo, Lithuania, Macedonia, Hungary, Moldova, Montenegro, Romania, Russian Federation, and Serbia. Among these, there were 22 tertiary health care services providing advanced medical investigation and treatment including PCI and/or cardiac surgery, and 19 secondary health care services providing intensive care in critical coronary care units. The data coordinating center has been established at the University of Bologna. The study was approved by the local research ethics committee from each hospital. Because patient information was collected anonymously, institutional review boards waived the need for individual informed consent.
Patient Population
The study population consisted of 8834 eligible patients with STEMI enrolled between January 2010 and January 2016, which is consistent with estimates of patients enrolled per year and per center of similar registries 5 according to policies and procedures described by the Registry of Patient Registries (RoPR). 18 Patients included in the analysis were categorized into 3 groups: young patients, younger than 60 years; young old patients, aged 60 to 74 years; and old patients, aged 75 years or older according to recent definitions. 19 Multivessel disease was defined as at least 2 main branches of the epicardial coronary artery with 70% or more stenotic lesions or 50% or greater stenosis in the left main coronary artery. The PCI was rated successful if there was a residual stenosis of less than 50% after balloon angioplasty without stenting and less than 20% after PCI with stent application plus normal thrombolysis in myocardial infarction (TIMI) 3 flow.
Outcome Measures
The primary end point was 30-day all-cause mortality. Secondary outcomes were: (1) stroke; and (2) major and minor bleeding at 30 days. We used the definition of bleeding previously reported by the TIMI. 20 Decreases in hemoglobin levels of 5 g/dL or more occurring during hospitalization or intracranial hemorrhage classified bleeding as major (to convert hemoglobin to d/L, multiply by 10). The use of medications given at hospital admission was noted, as well as the use of primary PCI.
Statistical Analysis
We compared the baseline characteristics, treatment, and clinical outcomes between women and men. Baseline characteristics were reported percentages for categorical variables and means with standard deviation (SD) for continuous variables. Comparisons between groups were made either by Pearson χ 2 test for baseline categorical variables and student t test for continuous variables as appropriate ( Table 1) . We used inverse probability of treatment weighted (IPTW) logistic-regression models to assess the effect of variables on the associations of interest (eMethods in the Supplement). Logistic regression models were adjusted to covariates significantly different between groups in univariate analysis. We calculated odds ratios (OR) with their 95% CIs from these models. Fixed covariates included demographic information and baseline clinical characteristics ( Table 2) . Covariates introduced in the secondary analyses as categorical variables were medications given within 24 hours, specifically aspirin, clopidogrel, unfractionated heparin (UFH), and primary PCI. Further analyses were done to compare sex differences in outcomes between countries with higher vs lower public health care expenditures (PHE) values. The rationale to assess country PHE characteristics was the potential for having different sex differences in outcomes depending on the quality of health care services. , and was found to be statistically dependent on the endpoint mortality. We therefore did not dismiss this variable from the predictive model of mortality and we kept it as missing using listwise deletion and complete case analysis. 23, 24 Owing to the considerable amount of missing data for Killip class, we also used k-nearest neighbor (KNN) algorithms as imputation method to treat missing data.
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Furthermore, to assess significant heterogeneity of outcomes in function of age, we made statistical comparisons across 3 age subgroups (<60 years, 60 to 74 years, and ≥75 years) using a test of interaction for comparison of the estimated quantities, each with its standard error (eMethods in the Supplement).
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Results
From January 2010 through January 2016, a total of 8834 STEMI patients at 41 sites in 12 countries were enrolled in the ISACS-TC registry. Of these patients, 682 died at 30-day followup. eFigure 1 in the Supplement shows the flow diagram of patients entered into the study.
Patient Characteristics
Baseline characteristics of the patients sorted by sex and use of primary PCI are shown in Table 1 . When stratifying according to age, sex differences in adjunctive medical therapies were greater in the older than in the younger cohort (eFigure 2 in the Supplement). eTable 1 in the Supplement lists the angiographic and procedural characteristics of patients undergoing PCI. There was no sex difference in frequency of multivessel disease, acute vessel closure, acute thrombosis, and bifurcation lesions. When stratifying according to age, sex differences in multivessel disease were significantly greater in young women compared with their older counterparts (eFigure 3 in the Supplement).
Time From Symptoms Onset to Admission
Fewer women than men presented within 2 hours from symptom onset (P < .001) ( Table 1 ) (Figure 1) . Importantly, the proportion of women presenting within 2 hours after symptom onset was greater in the younger than in older cohorts (28.0% for those aged <60 years vs 21.0% and 15.2% for those aged 60 to 74 years, and ≥75 years, respectively).
Outcomes
Women had a significantly higher unadjusted 30-day mortality rate compared with men both in the overall (11.6% vs 6.0%, P < .001) and primary PCI (7.1% vs 3.3%, P < .001) STEMI population. Major bleeding occurred more frequently in women than in men (1.9% vs 1.1%). There were similar stroke rates between men and women (eFigure 4 in the Supplement). After multivariable adjustment for clinical characteristics (Table 2) , and angiographic disease severity (eTable 2 in the Supplement), female sex was associated with 30-day all-cause mortality. The adjusted OR for mortality associated with female sex did not change when controlling for primary PCI and medications used at admission (eFigure 5 in the Supplement). There was no significant association between centers of countries with low vs high PHE value and sex differences in 30-day mortality rates (eFigure 6 in the Supplement).
Sex-Age Interactions
The role of a sex-age interaction was investigated by stratifying patients into 3 groups: age younger than 60 years, age between 60 to 74 years, and age 75 years or older. All-cause mortality increased with age ( Figure 2) . After multivariable adjustment, there were 5 factors positively associated with 30-day all-cause mortality in patients younger than 60 years: female sex, history of diabetes, prior PCI, heart rate, and Killip class of 2 or higher ( Table 3) . Women younger than 60 years had higher early mortality risk than men of the same group (OR, 1.88; 95% CI, 1.08-3.26; P = .02). Among older patients, there were fewer differences in comorbid conditions associated with outcomes. Differences in 30-day mortality between women vs men were not significant for those aged 60 to 74 years (OR, 1.28; 95% CI, 0.88-1.88; P = .19) and those aged 75 years or older (OR, 1.17; 95% CI, 0.80-1.73; P = .40). There were no significant interactions between age categories and sex on risk of outcomes (eTables 3, 4, and 5 in the Supplement). We also analyzed data using KNN algorithms. Women younger than 60 Abbreviations: CABG, coronary artery bypass graft; HF, heart failure; HR, heart rate; MI, myocardial infarction; PCI, percutaneous coronary intervention; SBP, systolic blood pressure; SD, standard deviation.
a Standard deviations for heart rate and systolic blood pressure in the overall population were 16.6 bpm and 23.8 mm Hg. years had a remarkably higher early mortality risk than men of the same age category (OR, 1.52). The risk was lower (OR, 1.41) in the subgroup aged 60 to 74 years, and much lower in the subgroup aged 75 years or older (OR, 1.18) (eFigure 7 in the Supplement).
Inverse Probability of Treatment Weighting
Baseline characteristics were well matched between women and men. In the sample, the largest absolute standardized difference was "prior PCI" (10.9% vs 11.4%; P = .64) (eTables 6, 7, and 8 in the Supplement). The estimated odds ratios for death of women vs men were 1.56 (95% CI, 
Discussion
The main finding of the current study is that younger age (<60 years) in women with STEMI was independently associated with higher 30-day mortality compared with men after adjustment for demographics, comorbidities, medications, and severity of coronary disease. The association persisted even in patients treated with primary PCI. Sex difference in mortality declined after age 60 years and could not be observed in oldest patients.
Prior Work
Specific data on STEMI were reported by the Get With the Guidelines-Coronary Artery Disease from 25 353 patients in 420 Abbreviations: CABG, coronary artery bypass graft; HF, heart failure; HR, heart rate; MI, myocardial infarction; PCI, percutaneous coronary intervention; SBP, systolic blood pressure; SD, standard deviation.
a Standard deviations for heart rate and systolic blood pressure in the overall population were 16.6 bpm and 23.8 mm Hg.
US hospitals from 2001 to 2006. 30 In the STEMI cohort, there was a significant difference in mortality, 10.2% in women vs 5.5% in men. Higher rates of early deaths among women compared with men were seen only on the first 24 hours of hospitalization. Reasonably, the authors were unable to effectively control for some hidden variables that may be responsible for the relationship between sex and outcome. Indeed, women are less likely to receive aspirin, β-blockers, and reperfusion therapies at admission. Thus, the extent to which mortality rate differences between men and women are related to disparities in treatment or dissimilarities in pathophysiology remain a matter of debate. Previous studies in STEMI also have found that when the angiographic severity of coronary artery disease was included in the 30-day mortality models containing baseline characteristics, there were no significant associations between sex and mortality nor significant interaction between sex and age on mortality risk. 9 Further, a recent meta-analysis on sex differences in all-cause mortality among patients treated with primary PCI concluded that there was an increased mortality in women, but this difference was likely to be confounded by baseline cardiovascular risk factors and differences in clinical profile. 31 In summary, most studies have supported the claim that women with STEMI are at greater risk for mortality than men. There is controversy regarding whether this difference persists after adjusting for baseline characteristics and treatment, and about whether sex differences in outcomes are age dependent. Subgrouping in young and old women is not so straightforward and may be subjective. Results of prior work should, therefore, stimulate further research.
Unexplained Higher Mortality Rates in Women
Besides differences in baseline cardiovascular risk and differences in clinical profile, other contributing factors may explain the observed sex differences in outcome after STEMI. These factors may include, but are not limited to, race, delay to hospital presentation, and delayed diagnosis among women compared with men. Few studies have investigated the associations between the overall treatment delay and mortality. 32, 33 Even fewer studies have evaluated the effect of treatment delays on sex differences in guideline-recommended time of PCI and early cardiac mortality. 11, 12 Further, care may influence results. When rates of coronary revascularization and evidence-based medications differ between men and women, the value of sex as a prognostic factor may be underestimated or overestimated by analyses that include patients with such markedly different treatment. Finally, the results of subgroup analyses by age can result in either consistent or insignificant findings depending on the definition of age used in the study. 34 No subgroup analysis will attain practical usefulness when undertaken without any explanatory background, no matter how significant the results may be.
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Study Design and Patient Selection
In this study, the 3 subgroups based on age were predefined on a rational indication. The WHO's Minimum Data Set Project on Aging and Health agreed on a cut-off of 60 years to refer to the older population. 36 In developed countries, most people in their 60s and early 70s are still active and able to care for themselves. However, after 75 years, they will become increasingly frail.
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Therefore, rather than lumping together all people who have been defined as old, we acknowledged the diversity of old age by distinguishing the young old (≥60 to 74 years) from the old patients aged 75 years or older. More age boundaries and consequently more subgroup analyses would have generated small sample sizes and therefore rendered analyses underpowered, making the results unreliable. Further, to minimize the effect of inception time bias, we explored the association between duration from onset of symptoms to hospital presentation and clinical outcomes after STEMI in 2 patient categories according to the American College of Cardiology (ACC)/American Heart Association (AHA) Guidelines
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: those with mild to moderate delay (2 hours or less after symptom onset) and those with severe delay (more than 2 hours). Lastly, we checked for comparability of prognostic factors in subgroup analyses and used IPTW for comparing outcomes across subgroups of women and men with balanced prognostic factors.
STEMI-related Death Within 30 Days: Association With Age and Sex
The study showed that women with STEMI died at a higher rate than men, with 309 (11.6%) of 2657 women in the study dying over 30-day follow-up compared with 373 (6%) of 6177 men. Mortality dramatically decreased in both sexes if restricting the analysis to women and men undergoing primary PCI (7.1% vs 3.3%). Yet there was still a sex difference with a 30% higher mortality in women even after controlling for clinical characteristics, primary PCI, and medications used at admission (OR, 1.29; 95% CI, 1.01-1.65). Although death rates for women were greater than those for men at all ages, this estimate is an average of the individual outcomes. The different twist to this study is that we evaluated quantitatively the age subgroup effects of STEMI and found that women aged under 60 years have an unacceptable higher (OR, 1.88; 95% CI, 1.04-3.26) early mortality risk than men of the same age category. Older women experienced less sex gap in mortality than the reported average.
Likelihood of Death Among Young Women vs Young Men
There could be several reasons for why younger women were more likely to die than young men. Some previous work speculated that men may be more likely than women to die before arriving to hospital, so outcomes among men could be attributed to only the less severe cases reaching the health care system. 6 There are no data available in our or other studies for supporting or refuting this hypothesis. Another likely reason for the higher 30-day mortality in younger women with STEMI could be the lower use of revascularization and adjunctive medical therapies.
30,38,39 However, in our study, the association between younger age and excess mortality in women persisted in patients treated with primary PCI. In addition, there was a significant inverse relationship between treatment and sex in the defined age categories. Sex differences in adjunctive medical therapies were greater in the older than in the younger cohort, which does not support the hypothesis that differences in early treatment may account for difference in risk of mortality. Other possible explanations for the poor prognosis among younger women include a lack of awareness of symptoms and, consequently, suboptimal total ischemic time to PCI. 11, 12 We found that women with STEMI were less often admitted to hospital within 2 hours from symp- tom onset than their male counterparts. However, longer delays to hospital presentation were mainly observed in the older women, which, in turn, is in keeping with previous observations on delay times and age. 40 Thus, there is not any one of the abovementioned factors able to explain the increase in mortality in the young women, but a number of issues are not covered by our covariates, including those describing the pathophysiology of ischemic heart disease in women.
Pathophysiological Issues
Other aspects that may account for differences in outcomes between women and men with STEMI are related to vascular biological factors such as a smaller vessel size, less collateral flow, and more vascular stiffness in women. 41, 42 In addition, younger women have less extensive coronary artery disease and, therefore, may have lesser myocardial ischemic preconditioning, resulting in a greater susceptibility to ischemia. 12 Moreover, women and men with STEMI have different distributions of cardiovascular risk factors and, more importantly, risk factors may have a different impact on risk of mortality depending on age. We found that diabetes was a factor associated with increased risk of 30-day all-cause mortality in the young, but not the old population. Women in this age group are also more likely to have depression. 43 The coexistence of both conditions, diabetes and depression, might identify high-risk in women, 44 and may help explain why young women die at a disproportionately higher rate than men after STEMI.
Age-Sex Subgrouping
For continuous variables such as age there are many ways of creating groups. Exploratory examination of many such subgroups may generate some spurious significant interactions because imbalances regarding prognostic factors may be present after stratification owing to chance. 45 Our approach avoided post hoc definitions or interpretations that retroactively fit the data. We explained why this age division was made. We checked the subgroups for comparability of prognostic factors after age stratification, especially for those factors that were found to correlate with 30-day mortality. Because diabetes was a predictor of adverse outcome only in the younger population, the subgroup analyses were adjusted with regression techniques. Further, we examined the association of sex with age subgroups by assessing estimates of the same populations derived from IPTW analyses in which the distribution of measured baseline covariates were similar between women and men. Yet, mortality difference by sex was still large (OR, 1.56) in younger patients (<60 years). Sex difference in mortality became lower (OR, 1.49) in the young old (≥60 to 74 years) patients, and even lower (OR, 1.21; P =.14)in the old (≥75 years) patients. There is, therefore, good evidence to support different outcomes in younger vs older women. A disproportionate burden of coronary risk factors and comorbidities is a clear feature of younger women with STEMI, but does not account for age-dependent difference in mortality.
Limitations
Our study does have some limitations. As an observational study, we cannot completely exclude residual confounding or selection bias, although we were able to adjust for a wide range of patient clinical and angiographic characteristics. Because catheterization data was mandated as part of the registry' protocol only in centers with PCI facilities, patient selection may have introduced potential referral bias, and therefore should be interpreted with caution. Lastly, even though we found a complex sex-age association in a large database, results may not be definitive without replication.
Conclusions
The current study is the first investigation which demonstrates that differences between younger men and younger women in STEMI mortality rates are unrelated to disparities in treatment. This holds true even in patients undergoing primary PCI. Sexrelated pathophysiological differences may contribute to the higher mortality in younger women compared with men of the same age category. These results reflect outcomes from 41 participating registry centers in 12 different countries and may be generalizable to other settings. between the patient groups stratified by the gender [1] .
Interaction test
The comparison of two estimated quantities, each with its standard error, is a general method that can be applied widely. We compared the odds ratios from the following age subgroups: ≤ 60 years versus ≥60 to 74 years, ≤ 60 years versus ≥75 years, and ≥60 to 74 years versus ≥75 years. These measures were always analyzed on the log scale because the distributions of the log ratios tend to be those closer to normal than of the ratios themselves. 
Nearest neighbour imputation algorithms
Nearest neighbour (NN) imputation algorithms are efficient methods to fill in missing data where each missing value on some records is replaced by a value obtained from related cases in the whole set of records. Thus, imputation for clinical features, whose missing rate exceeded 10%, was conducted using the average of measured values from k records (kNN) [2, 3] .
NN algorithms are similarity-based methods that rely on distance metrics and results may change in relation to the similarity measure used to evaluate the distance between recipients and donors. In our work, we used the following norm as metric to evaluate distance:
Before imputation of the recipient Xi, the full set with no missing data C(X) was filtered to select a subset of features relevant to the missing variable to be imputed (Xi_miss). To this end, C(X) was considered as a dataset in the context of a regression problem, where the variable with the missing data (Xmiss) was set as the class variable and the other q variables (X1, X2, …, Xq) as predictors.
We also applied the RReliefF algorithm [4] The set was, therefore, filtered to select a subset Cs(X) C(X) where (X1, X2, …, Xs) (X1, X2, …, Xq) and s < q. In the present context, we set the number of neighbours for RReliefF equal to 10 and set s as 10 %, 20 % or 30 % of q. As C(X) is invariant to Xi, the filtering step was performed only once before the NN imputation step that, on the contrary was performed separately for each Xi. Abbreviations: CABG = coronary artery by-pass graft; HF = heart failure; HR = heart rate; MI = myocardial infarction; PCI = percutaneous coronary intervention; SBP = systolic blood pressure © 2018 American Medical Association. All rights reserved. Values are percentages, mean ± standard deviation and odd ratios (OR) and 95% confidence intervals (CI)
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